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The calculated pKa values for aggregated compound 1 are 5.9 and 6.6, with monoprotonated species in abundance in this range (see Well above the pKa only the deprotonated imidazole residues are present and held responsible for the hydrolysis. The catalytic efficiency at pH 8 only due to the deprotonated imidazole groups is 7.37 M -1 s -1 . We know from the potentiometric titration curve that the mono-protonated imidazole is present in four-fold excess compared to the deprotonated imidazole at pH 6.5 (Fig. S1 ). According to these values, the extrapolated catalytic efficiency of the deprotonated imidazole at pH 6.5, assuming that the protonated imidazole is not active should be 1.65 M -1 s -1 whereas that observed is 8.09 M -1 s -1 .
Hence, based on these observations the catalytic efficiency at lower pH values 6 and 6.5, cannot simply be attributed to the contribution of the fraction of deprotonated imidazole. Instead, cooperativity between both protonated and deprotonated imidazole groups is likely responsible.
The solubility (Ksol) of compound 1 was obtained by NMR experiments for pH 6, pH 7 and pH 8 are 2.85 mM, 1.95 mM and 0.95 mM respectively (Fig. S4) . The Ksec (second order rate constant) values observed at these pH respective non aggregating concentrations of compound 1, were significantly lower than at the self-assembling concentration (Fig. S3) Owing to the fast hydrolysis trend shown by 1 we anticipated it to be capable of hydrolysing even stronger non activated ester linkages such as methyl esters. We chose L and D-phenyalanine methyl esters as our substrate and followed its hydrolysis by HPLC (see ESI for details). As expected, these substrates did not undergo any noticeable background hydrolysis at pH 7 whereas, with 33 mol% of 1 as catalyst, we could observe commendable hydrolysis rate of the methyl esters. (Fig. 4a and S8 (2.5×10 -4 M -1 hr -1 ) for 2 is an order of magnitude smaller than for 1 exemplifying the aggregation effect, even though there doesn´t seem to be any stereoselectivity shown by 1. (Fig. 4b) . Thus, the hydrolysis of non activated ester at the physiological pH, which to our knowledge has not been demonstrated before, reflects the fact that aggregation can lead to new emergent catalytic abilities even in small molecules owing to the high local concentration of the catalytic sites. The amide I´ band in the 1630-1638 cm -1 region of IR for different pH values denote the presence of -sheet like structures, which is also evident from the circular dichroism (CD) contours (Fig. 3(a) and S9). While moving from pH 8 to pH 6 an increase in ellipticity together with an apparent red-shift is observed in the CD spectra. These kinds of spectral shifts to longer wavelengths are reported for twisted fibers having -* transitions with larger dipole moments which is expected to be the case in the protonated imidazole more than the deprotonated ones. 5c This information obtained from CD and IR are in agreement with the TEM images of the catalytic gels which switch from twisted helical fibers (pH 6 and 6.5) to flat belt like structures (pH 7 and 8).
In order to evaluate the presence of hydrophobic binding pockets, we probed the gels at different pH values with 1-anilinonaphthalene-8-sulphonate(ANS), used extensively for this purpose in protein structure studies. 6 When ANS was introduced in hydrogel 1, an apparent blue shift alongwith the rise in fluorescence was observed confirming the presence of hydrophobic pockets (Fig. 3(b) ). These hydrophobic binding pockets could be formed by the central alkyl chain as well as by the L-valine isopropyl residues in 1. The molecular rigidity introduced by the two amide groups could be balanced by the flexibility of the alkyl spacer as well as the rotational freedom of the imidazole end fragments. Overall, a dynamic binding pocket could be confirmed in the vicinity of the catalytic fragment. It is also remarkable the effect of the L-valine residue as compound 2 lacking this amino acid fragment does not even aggregate under similar conditions. Moreover, the fluorescence intensity at pH 6 and 6.5 is higher and more blue shifted (472 nm for pH 6 and 474 nm for pH 6.5) than for the rest of the pH values, 
Conclusions
In summary, we have reported an example of a catalytic supramolecular hydrogel in which binding and catalysis take place in reaction sites self-constructed solely with non-covalent interactions.
We have been able to identify the probable structure-activity relationship between the different self-assembled structures and the subsequent catalytic performances of the gels. The results indicated that the presence of hydrophobic pockets, higher aspect ratio of fibres and the balance between the protonated and deprotonated imidazole can be the key factors for improved hydrolysis efficiency compared to related non-aggregating catalysts. It is remarkable the fact that enzyme-like catalytic behaviour emerges after selfassembly of small and simple molecular components. It is worth to mention that very simple low-molecular weight compounds can approach, although modestly by now, what evolution has achieved after millions of years. In fact, it has been proposed that short selfassembled peptides could have played a relevant role in the early stages of the origin of life. 7 In this context, self-assembled catalytic peptides could have been potential precursors of enzymes.
